This article examines bank cost efficiency for five new EU Member States from Central and Eastern Europe and the three Baltic States for the period 1996 -2006. The banking sectors in the selected set of countries had undergone a remarkable transformation before they achieved EU membership in 2004. We study cost efficiency differences between countries as well as efficiency improvements fostered by intense legislative and regulatory changes and extensive structural and institutional reforms carried out simultaneously. By employing the SFA approach an improvement in cost efficiency was discovered in the period investigated. Some noticeable differences in average cost efficiency among banking sectors can be detected as well. Empirical results also reveal certain significant associations of cost efficiency with country level macroeconomic characteristics, structure of the banking industry, and individual bank features. Analysis of correlating factors shows that the level of competition in the banking sector plays a more important role for cost efficiency improvements than the ownership structure itself. These results might be of interest to policy makers and regulatory authorities as they may provide help in detecting policy measures to create a business environment which would further enhance the cost efficiency of CEE banks.
Introduction
The economic transition in Eastern Europe and the Baltic States was a very dramatic process, which considerably changed the landscape of their banking sectors. The Central and Eastern European and Baltic (CEEB) countries recognised that one of the key prerequisites for economic recovery and prosperity was a well-designed and functioning financial system in which banks play a particularly important role. Prior to transition, the banking sectors in most Eastern European countries were virtually non-existent in terms of performing standard banking functions. They were merely an extended arm of the state, allocating funds according to the central plan and its political preferences. Central and Eastern European countries, with the exception of the former Yugoslavia, introduced a two-tier banking system only in the late 1980s when commercial banks were carved out of the former mono banks. Although in the early 1990s many new privately owned banks emerged, CEEB countries struggled to set up sound foundations for their new banking systems. Hence the banking sector transformation in these countries has not been an outright success story. There were failures in recapitalising banks and solving the inherited problem of non-performing loans, which in some countries led to a series of bailouts. Some countries left major banks in state ownership for too long, which prolonged too-close ties and unhealthy relations with ailing industrial conglomerates.
Nevertheless, the banking sectors in the new EU Member States in the CEEB region have undergone a remarkable transformation, particularly in the process of EU accession (Košak and Čok, 2008) . They adopted common EU legislation and regulation, undertook extensive structural and institutional reforms, and to a large extent integrated their banking systems into the EU banking sector. An important step towards this integration was also extensive privatisation, in which foreign banks played a key role (Bonin et al., 2005) , which resulted in a heavy presence of foreign-owned banks in the region. With post-privatisation growth and development of the banking sectors in the CEEB countries, efforts to increase bank efficiency have become a priority for policy makers and regulatory institutions. Fink et al. (2004) in their review paper explicitly point to banking industry efficiency as an important source of economic development. For transition countries the authors specifically emphasise that "growth enhancing potential lies not so much in bank sector size, but more in bank sector efficiency" (Fink et al., 2004, p. 88 ). The point is also worth considering in the light of the current turbulent developments in the banking sectors of the CEEB countries.
In the last decade, bank efficiency research has received wide attention. Studies have been undertaken of several countries and regions, including Central and Eastern Europe. Researchers have developed an extensive array of sophisticated methods and tools to estimate efficiency. In general, bank efficiency studies, which are of interest not only to academics, but also to policymakers, bank creditors, owners and managers, address two major questions. They estimate cost (and profit) efficiency of banks, and try to identify variables (also called correlates) that could explain some of the differences in efficiencies across banks.
The main objective of our study is to examine the issue of bank cost efficiency for five new EU Member States from Central and Eastern Europe (the Czech Republic, Hungary, Poland, Slovakia, and Slovenia) and the three Baltic States (Estonia, Latvia, and Lithuania) for the period 1996-2006. Some previous studies empirically confirmed the existence of a bank efficiency gap between old and new EU Member States (e.g. Weill, 2003; Hollo and Nagy, 2006; Košak and Zajc, 2006) , which is the departure point for our analysis. Namely in our paper we try to contribute to clarification of the factors that affect banking efficiency in the CEEB countries, which joined the EU in 2004 and have been expected to improve bank efficiency significantly. To address the issue of bank efficiency evolution in the CEEB countries, we concentrate on comparing efficiency estimates across countries over the period investigated and on identifying factors that are associated with efficiency differences.
Methodologically we rely on the Battese and Coelli (1995) specification, which enables us to estimate cost inefficiency and correlating variables simultaneously. This one-stage approach has been renowned as superior to the two-stage approach commonly used by researchers and also widely applied in bank efficiency studies. The results clearly indicate improvements in average bank efficiency for the CEEB banking sectors over time, although differences between countries can still be detected. Analysis of correlating factors also shows that the level of competition in the banking sector plays a more important role for cost efficiency improvements than the ownership structure itself.
The study is structured as follows. First, we give a short literature overview, which highlights development of the efficiency framework and discusses the body of literature on bank efficiency. This is followed by a discussion of methodology and the cost efficiency model used in our analysis. Section four introduces the data and describes the variables. Finally, estimation results for cost efficiency as well as for an extensive set of efficiency correlates are presented. The study concludes with comments on results.
Literature review
Although the body of literature on bank efficiency is substantial, it has been heavily geared towards studies of U.S. banks, followed by European banks as a distant second. Until recently, bank efficiency studies in less developed and developing countries were relatively scarce or even nonexistent. For example, Berger and Humphrey (1997) in their survey listed only eight efficiency studies for developing countries, of which none dealt with the transition countries of Central and Eastern Europe. Only broader access to databases such as BankScope and their enhanced coverage have made empirical research more feasible to include developing banking markets, including those in Central and Eastern European countries. Consequently the number of bank efficiency studies for the CEEB region has increased substantially since 2000.
Another aspect of bank efficiency research refers to the type of bank efficiency studies, which can usually be focused on a single country analysis or an efficiency comparison across countries. In their survey, Berger and Humphrey (1997) list merely five inter-country comparisons at the time of their study. They note that cross-country studies are difficult to perform and interpret because (i) the regulatory and economic environments differ across countries, and (ii) differences exist in the quality of banking services across countries that are difficult to account for. Some efficiency studies have concentrated specifically on comparability issues (e.g. Dietsch and LozanoVivas, 2000) , but nevertheless comparability remained one of the important problems in studies comparing heterogeneous banking sectors. That was also the case with the banking sectors in Eastern Europe back in the 1990s. The success of the economic transition, the progress of privatisation, and similar development paths fostered by the process of EU accession have reinforced the interest of researchers in the region so that cross country efficiency studies have also become more common for the Eastern European banking sectors. Mamatzakis et al. (2007) report on eight cross country studies in the CEEB region and Hollo and Nagy (2006) provide at least four cross country studies focused specifically on discovering the presence of an efficiency gap in EU banking sectors.
Typically, cross country studies on banking efficiency in Eastern European economies focus on comparing efficiency among transition economies (e.g. Kasman and Yildirim, 2006) or on detecting the existence of an efficiency gap between the more developed banking sectors of Western Europe on the one side and the still developing banking sectors in Eastern European countries (e.g. Hollo and Nagy, 2006; Košak and Zajc, 2006) on the other side.
One of the first cross country studies for the region was published by Grigorian and Manole (2002) , who estimate bank efficiency using the DEA (Data Envelopment Analysis) technique and who also include a dummy variable for foreign ownership. They divide the countries included in the study into three groups: Central Europe, South-Eastern Europe, and the Commonwealth of Independent States. Overall, banks from Central Europe were found to be more efficient. Another early cross country study on transition economies was authored by Yildirim and Philippatos (2002) . They use the SFA (Stochastic Frontier Analysis) approach to estimate bank efficiency for 12 Central and Eastern European countries in the period 1993 -2000. On average, they found cost efficiency to be higher than profit efficiency in Central and Eastern European banks. Similarly, a study by Weill (2003) represents an attempt at a direct comparison of banking efficiency between Western and Eastern European countries. Weill's research provides evidence of the existence of an efficiency gap between Western and Eastern banks, which is mainly caused by differences in managerial performance, while environmental and risk preference effects did not turn out to be important. As indicated by the author, further research in this area is needed, not only on the existence of an efficiency gap but also on the evolution of efficiency and explanatory factors.
Due to massive privatisations and substantial and increasing involvement of foreignowned banks in the regional banking industries, the effects of bank ownership structure on efficiency have drawn the attention of researchers. The evidence on bank ownership influence is rather mixed. So, Nikiel and Opiela (2002) analyse the performance of domestic and foreign banks in Poland. Domestic private and state-owned banks have on average higher profit and lower cost efficiency than foreign banks. This may seem unusual at first glance, but the authors explain this by the fact that many domestic banks operate in niche markets in which they may enjoy some market power. Hasan and Marton (2000) study bank efficiency in Hungary and the performance of foreign banks based on the extent of foreign involvement. Banks with a higher percentage of foreign ownership turn out to be more efficient on average.
Ownership characteristics have also been included among the efficiency correlates in several studies trying to identify factors that could explain the differences detected in measured efficiency scores. One such study was recently published by Fries and Taci (2005) and was performed on a sample of 289 banks from 15 East European countries for the period 1994-2001. The authors focused on cost efficiency of banks and investigated an extensive set of correlating factors that could be associated with costs of banking operations. They confirmed that greater macroeconomic stability and competition resulting from foreign bank entry, as well as development of supportive institutions, promoted cost efficiency. However, they emphasized that for most Eastern European countries the major challenge after their accession to the European Union and the common market for financial services would be increased competitive pressure. As they only used data up to 2001, this effect could not have been examined empirically.
Similarly, Bonin et al. (2005) focus on evaluating bank efficiency and identifying relevant efficiency correlates in transition countries, with a focus on the efficiency-ownership relationship. The authors applied stochastic frontier estimation procedures to banks in eleven transition countries. The results provided by Bonin et al. (2005) indicate that private ownership is, by itself, insufficient to ensure bank efficiency in transition countries because no statistically significant evidence of an adverse effect of government ownership relative to private domestic ownership was found. Nevertheless, foreignowned banks turn out to be more cost-efficient than other banks and they also provide better services, particularly if they have a strategic foreign owner.
In their recent paper, Hollo and Nagy (2006) concentrate on studying bank efficiency in the enlarged EU. They confirm the existence of an X-efficiency gap between the banking sectors in the "old" and "new" EU Member States, but the competitive edge of old EU members in relation to cost efficiency is decreasing over time. A comparative analysis of bank efficiency in eight CEE countries by Kasman and Yildirim (2006) reveals great variability in efficiency and superior efficiency of foreign-owned banks. With the economic progress of the CEEB countries and their integration into the EU, researchers also try to measure the effects of structural changes stimulated by EU membership. One such attempt is the study by Brissimis et al. (2008) for ten newly acceded EU Member States, where the positive effect of banking sector reforms on bank efficiency was confirmed.
Methodology and model specification
In this paper, the SFA method is used to examine cost efficiency of CEEB banks between 1996 and 2006. Cost efficiency is derived from the stochastic frontier cost function and provides information on how close (or far) a bank's costs are from the best-practice bank's costs, producing the same output in the same conditions. In other words, cost efficiency reflects the position of a particular bank relative to the cost frontier. A stochastic cost frontier can be formulated in the following way:
where C it denotes observed costs, the vectors of explanatory variables y and w stand for outputs and input prices, respectively, β is the vector of parameters to be estimated, and c(•) is a suitable functional form. The error term (ε it ) is composed of two parts: a stochastic error (v it ), capturing the effect of noise and measurement errors, and a one-sided non-negative disturbance capturing the effect of inefficiency (u it ≥ 0). To estimate the stochastic cost frontier using the ML method, the following distributional assumptions have to be made:
2 ), and v it and u it are distributed independently of each other and of the regressors. This model is referred to as a Normal-Half Normal Model and was first proposed by Aigner et al. (1977) . In subsequent papers, Pitt and Lee (1981) and Schmidt and Sickles (1984) proposed stochastic frontier models for panel data. Over the years many extensions to the originally proposed SFA models have been developed.
Cost efficiency is usually expressed in terms of cost efficiency score:
where C it is the observed total cost and C F it is the stochastic frontier or minimum cost of the i-th firm in time t. A cost efficiency score of one indicates a firm on the frontier, while nonfrontier firms receive scores between zero and one. Alternatively, the cost inefficiency score can be calculated as the reciprocal of the cost efficiency score defined in (2).
The model in (1) as well as the initially proposed panel data models give estimates of efficiency, but the variation of inefficiency is left unexplained as the model does not allow for exploration of potential correlates, i.e. factors or variables that might explain some of the differences in predicted efficiencies among banks.
3 To include efficiency correlates into the analysis, one can perform a two-stage estimation procedure in which efficiency estimates from the first stage are regressed on a vector of potential correlates in the second stage. The two-stage approach has been used in several bank efficiency studies, for example Allen and Rai (1996) , Berger and Hannan (1998) , Berger and Mester (1997) , Chang, Hasan and Hunter (1998) and Mester (1993 and 1994) . Hasan and Marton (2000) performed a two-stage efficiency analysis for Hungary, and Nikiel and Opiela (2002) for Poland. Among the most recent studies, a two-stage approach was used in Bonin et al. (2005) . However, the initially proposed two-stage formulation has serious econometric flaws. Wang and Schmidt (2002) argue that if any interesting effects are to be observed in the second step, then it follows from considerations of omitted variables that the first-step estimators are biased and inconsistent. To overcome this problem, Kumbhakar, Ghost and McGuckin (1991) proposed a single-stage stochastic production frontier model. Battese and Coelli (1995) extended this approach to accommodate panel data. Based on the above discussion, the latter approach will be used in our study.
To estimate the stochastic frontier cost function in which inefficiency is specified to depend on exogenous variables, the Battese and Coelli (1995) model is applied, in which the cost inefficiency term u it has a systematic component γ'z it associated with exogenous variables and a random component e it :
Inserting the expression for u it in (3) in the cost frontier function in (1) yields:
There is no theoretical model on which correlates to include in the analysis. Maudos et al. (2002, p. 53) note that "…in the absence of a theoretical model, we will speak of potential correlates of efficiency rather than explanatory variables".
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The model in (4) is estimated in a single stage by the ML procedure where the inefficiency component is assumed to follow a truncated normal distribution, i.e. u it~N +(γ'z it ,σ u 2 ). Inefficiency correlates considered in our study are described in more detail in the next section.
Estimation of cost function also requires specification of the functional form. The translog functional form is employed. This is a locally flexible functional form widely used in the empirical literature. 4 Given the relative input prices, output levels, and output mix, banks are assumed to choose inputs so as to minimise total cost. The translog form of the cost function to be estimated is specified as follows:
where C represents total cost, y k (k = 1, …, 3) stands for k-th output, w j (j = 1, …, 3) stands for j-th input price, while equity ratio (EQ) is introduced to control for risk of operation. Notice that normalization of cost and input prices by one of the input prices in (5) is used to impose linear homogeneity in input prices.
The duality theorem requires the cost function to be linearly homogeneous in input prices and for the second-order parameters to be symmetric (Altunbas et al., 2001) . 5 Therefore, the following restrictions apply to the parameters of the cost function:
Following Sealey and Lindley (1977) the intermediation approach is employed to model banks' costs.
6 Under this approach it is assumed that banks collect deposits to transform them using labour and capital in loans, meaning that deposits are considered as an input.
Data and variables
The analysis includes eight new EU Member States that joined the EU in 2004, five from Central and Eastern Europe (Czech Republic, Hungary, Poland, Slovakia and Slovenia), and the three Baltic States (Latvia, Lithuania, and Estonia). Although some differences exist among the banking sectors of these countries, they nevertheless form a relatively homogeneous group. In particular, preparations for EU membership and membership itself brought about introduction of the common EU legislative framework and common regulation standards. This allows us to compare estimated bank efficiencies across countries.
To construct the sample, we used information drawn from the financial statements of individual banks provided by the Fitch IBCA BankScope database. Fitch IBCA collects data from balance sheets, income statements, and other relevant notes in audited annual reports. To ensure consistency, only data for commercial banks in unconsolidated format were used. Data, expressed in euros, were collected for the 1996-2006 period and corrected for inflation in order to ensure comparability. Mathieson and Roldos (2001) indicated three important characteristics of the BankScope database. First, its comprehensive coverage as BankScope has data on banks accounting for around 90% of total bank assets in each country. Second, comparability -the data-collection process is based on separate data templates for each country to accommodate different reporting and accounting standards. Fitch IBCA adjusts the collected data for country specificities and presents them in a so-called global format, i.e. a globally standardised form for presenting bank data. Thus, BankScope data are comparable across banks and across countries, i.e. they allow cross-country comparisons (Claessens, Demirguc-Kunt and Huizinga, 2001 ). Third, BankScope provides balance sheet data for individual banks, which are usually not available from other sources.
In specifying input prices and outputs of the cost function, we follow the intermediation approach. Three inputs (borrowed funds, physical capital, and labour) are used to produce three outputs (loans, securities, and other earning assets) (see Table 1 ). The three inputs reflect the three key groups of inputs in the bank production process: bank personnel and the management expertise necessary for providing bank services (labour), funds collected on the liabilities side (borrowed funds), and offices, branches, and computer hardware (physical capital).
BankScope does not provide data on the price of labour (w 1 ) directly, i.e. there is no information on the number of employees to enable construction of the ratio of personnel expenses to the number of employees as the unit price of labour. Instead, we use the ratio of personnel expenses over total assets, which is a common approach in bank efficiency studies based on BankScope (Yildirim and Philippatos, 2002) . Price of borrowed funds (w 2 ) was constructed as the ratio of interest expenses over funding. Price of physical capital (w 3 ) also cannot be directly taken from BankScope and was constructed as noninterest expenses over fixed assets. The three outputs, loans, securities, and other earning assets are proxies for banking services provided. Total loans (y 1 ) is the total amount of loans of each individual banking firm. Other earning assets (y 3 ) is the sum of deposits with other banks and equity investments. Total securities (y 2 ) is the sum of securities held by banks among their assets. The dependent variable, total cost (C), is the sum of personnel expenses, interest expenses, and other expenses. Equity ratio (EQ) is considered in the model to reflect the risk of banking operations. Descriptive statistics of the variables included in the cost function are presented in Table 2 .
Following Bonin et al. (2005) , prior to estimating the cost function we exclude all the observations containing variables with non-positive values. As a result, not all active banks in individual countries were included in our sample. The sample of banks is not constant, i.e. we do not require a bank to have existed throughout the sample period to be included in the sample. Thus, an unbalanced panel data set is used to estimate the frontier cost function. Measuring bank cost efficiency per se does not usually provide very informative answers to bank owners, bank regulators, or even bank customers on the causes of efficiency differences among banks. Hence, studies on bank efficiency also investigate factors (correlates) that could, at least partly, explain some of the differences in predicted efficiencies among banks and across countries. Potential correlates have been tested in various studies, for example Allen and Rai (1996) , Berger and Mester (1997) , Casu and Molyneux (2000) , Dietsch and Lozano-Vivas (2000) and more recently Fries and Taci (2005) and Bonin et al. (2005) .
To select efficiency correlates we draw particularly on three recently published studies: Fries and Taci (2005) , Bonin et al. (2005) , and Dietsch and Lozano-Vivas (2000) . Dietsch and Lozano-Vivas (2000) was one of the first papers to closely investigate the factors that could explain cross-country differences in measured efficiency scores. The authors isolated three groups of environmental variables: main conditions, bank structure, and regulation, and accessibility of banking services. Fries and Taci (2005) employed two categories of variables: country-level factors and correlates with bank inefficiencies. Bonin et al. (2005) focus on ownership characteristics affecting efficiency score variability. They also control for some environmental variables.
Following the above-mentioned studies we formed three groups of variables that are assumed to be associated with changes in efficiency across banks. The first group are country level variables explaining macroeconomic conditions (population density, GDP per capita, and financial deepening ratio). The second group consists of variables describing the structure of the banking industry in specific countries (HH index of market concentration, EBRD index of banking sector development, and number of banks). Finally, variables in the third group describe individual bank characteristics that could determine differences in efficiency levels achieved (ownership status, loans-to-deposit ratio, return on average equity, market share, and net interest margin). In addition, the time trend is considered to capture possible efficiency improvements over time. Altogether, twelve variables have been employed as potential correlates for testing. Table 3 provides an overview and description of these correlates, while Special attention was paid to composing the foreign ownership variable (OWNER), which contains information on the ownership structure of each individual banking firm included in the sample. The BankScope database provides information on bank ownership. However, two problems are associated with this information. First, no ownership information is available for some banks, especially banks that have ceased to exist, or that merged with or were taken over by other banks. Second, BankScope classifies banks as foreign or domestic at the time the database was last updated. Many authors use the built-in filter to separate domestic from foreign banks, but we believe that this is not an optimal procedure. Although it is a very time-consuming and difficult procedure, one should gather ownership data for every bank for every year. We used a wide array of sources, e.g. annual reports, home pages, daily and weekly financial publications, as well as direct contact with banks to compile precise and up-to-date ownership data on individual banks (Bol et al., 2002 , apply a similar approach to construct their database). 
Estimation results
The estimation results of the translog cost frontier function for the sample of CEEB banks over the 1996-2006 period are given in Table 5 . The expansion point of the translog stochastic frontier cost function is chosen to be the sample median. Since total cost and all the continuous explanatory variables are in logarithms, the estimated first-order coefficients can be interpreted as cost elasticities evaluated at the sample median. As expected, results show that input prices and outputs are positive and highly significant. Notes: *, **, *** -significant at 5%, 1%, 0.1%, respectively (two-sided significance level)
Source: Authors' calculations.
The sum of the three output coefficients equals 1.02, indicating the presence of slight diseconomies of scale in the median-sized banks. A one percent increase in loans, securities, and other earning assets would lead to an increase of 1.02% in total cost at the median point. Nevertheless, the operation of a median-sized bank is not very far from the optimal size characterized by constant returns to scale and the sum of output coefficients equalling 1.
Parameter γ= σ u 2 /(σ v 2 + σ u 2 ), which takes on values between 0 and 1, indicates the proportion of the variance in disturbance due to inefficiency, i.e. the γ value shows the contribution of the inefficiency term u to the dichotomous term v + u. Since the estimated γ value in our case is 0.72 we conclude that the variation of inefficiency is more important than any other stochastic variation in the cost frontier model.
The results presented in Table 5 and Figure 1 reveal average cost efficiency levels in individual countries. The variability of bank efficiency within each country can be observed, which sheds light on cost efficiency differentials in the new EU Member States. The average efficiency score for each country is obtained as a weighted average of individual banks' efficiency scores as predicted by the estimated frontier cost function. The relative importance of a bank's total assets is used as a weight when calculating average efficiency score. We consider the weighting approach to be essential for correct interpretation of the average efficiency results for specific sub-regions. As presented in Table 6 , the average cost efficiency of banks included in the sample was 88%, indicating that on average banks could reduce their cost by 12% if compared with the most cost-efficient banks in the sample. The median cost efficiency score for the entire sample was higher, equalling 92%. Presentation of data by individual country reveals some differences in average cost efficiency. The highest average bank efficiency scores were achieved by the three Baltic States (Estonia, Lithuania, and Latvia), closely followed by Poland and Slovenia with average efficiency scores above 90%. Hungary is also performing quite well with an average efficiency score slightly below 90%. The lowest average efficiency scores were obtained for banks in the Czech Republic (81%) and Slovakia (77%). In the latter two countries we can also observe the highest variability in efficiency scores among banks. Com-paring mean and median values of average efficiency scores we can observe that most of the countries experienced an asymmetric distribution of efficiency scores skewed to the right. Graphic representation of efficiency scores by country clearly reveals discrepancies in average efficiency among countries and, even more importantly, variability of efficiency scores across countries, which is also reported in Table 6 . Particularly for the most efficient banking sectors (Estonia, Lithuania, and Latvia) it is typical that their interquartile ranges 7 , as denoted by the height of the box, are relatively narrow and their "whiskers" 8 relatively short. Both characteristics are a sign of lower variability of individual banks' cost efficiency score. In contrast, the two countries with least efficient banks (i.e. the Czech Republic and Slovakia) experience wide inter-quartile ranges and long "whiskers", which is also confirmed by the greatest variability of efficiency scores as measured by the coefficient of variation (Table 6 ).
Another important aspect of bank efficiency studies that needs to be addressed is the time dynamics of bank efficiency. Average annual efficiency scores reported in Table 7 provide certain evidence on efficiency improvements in the period observed, which can most likely be attributed to the process of accession to the EU and associated regulatory reforms and changes in institutional settings of the New EU Member States. Average cost efficiency grew from less than 84% in 1996 to slightly more than 93% in 2006. The improvement in performance can also be confirmed by a negative and significant relationship between time and cost inefficiency, indicating that cost inefficiency has been decreasing over time (see Table  5 ). However, the efficiency improvement is somewhat less evident if we compare median annual efficiency scores. This can probably be attributed to the fact that the worst performing banks were put out of business, which resulted in higher average efficiency scores, while the performance of median banks did not noticeably improve. We now turn to the discussion of (in)efficiency correlates, which were introduced in the cost frontier model to explain possible differences in inefficiency levels between banks and countries. The results are reported in Table 5 along with other estimated parameters of the frontier cost function. The estimated coefficients express the relationship between cost inefficiency scores and respective correlates, while studies that use the two-stage approach usually report the relationship between correlates and efficiency scores. We therefore investigate inefficiency correlates rather than efficiency correlates, meaning that expected signs of parameters should simply be reversed.
Among the macroeconomic variables that may affect inefficiency levels, the authors typically use variables that reflect income differences and general characteristics of the market. The most commonly used macroeconomic indicator is GDP per capita, which is expected to have a negative sign (Dietsch and Lozano-Vivas, 2000) . The more developed the economy, the higher the operating and financial costs which banks incur when supplying a given level of services, causing lower cost efficiency. However, actual empirical results regarding this variable are mixed. Fries and Taci (2005) did not find a statistically significant relationship between GDP per capita and cost efficiency, while Grigorian and Manole (2002) found a significantly positive association. Similarly, in our analysis GDP per capita proved to have a significant and negative influence on cost inefficiency, which is expected since our period under investigation was simultaneously determined by improving economic growth and increasing average bank efficiency in the area. In contrast, the total-banking-assets-to-GDP ratio proved to be highly statistically significant with a positive sign, indicating that on average a larger volume of financial intermediation through the banking sector can be associated with somewhat higher inefficiency levels. This result is in line with the results of Dietsch and Lozano-Vivas (2000) . In the case of the CEEB countries included in the study, the finding can also be related to the fact that in most of these countries banks have served as a channel for importing fresh capital provided by parent banks in Western Europe. It could be that a relatively large influx of capital through banks, which has supported their vigorous growth, has also been a reason for faint efficiency control in quickly-expanding banking firms.
To capture the potential for retail banking services and its correlation with bank cost inefficiency, we followed Dietsch and Lozano-Vivas (2000) and included a population density variable. According to the explanation by Dietsch and Lozano-Vivas, higher density contributes to an increase in banking costs (i.e., decrease in cost efficiency) due to characteristics of banking competition, which is also the case in our study. In particular, if banks compete by opening more branches for strategic reasons, this creates excessive bank operating costs.
A second set of variables was used to capture the structure of the banking industry in specific countries. The influence of market concentration on efficiency has been widely investigated in developed banking markets. Usually, two main hypothesises have been tested. The first is the structure-conduct-performance hypothesis, SCP, (e.g. Heffernan, 1996 or Molyneux et al., 1996 , according to which banking market structure predominantly changes due to the changing market power of individual banks. As a result, banks tend to increase market power and lower competitiveness level in the market. According to this scenario, the market is dominated by a few banks, which are typically not superior in terms of their efficiency. The efficiency-concentration relationship is expected to have a negative sign. The second hypothesis is the efficient structure hypothesis (e.g. Berger, 1995; Goldberg and Rai, 1996) , which advocates a different relationship between market structure and efficiency of individual banks. Namely, according to this hypothesis banks with superior cost efficiency turn their cost savings into stronger market positions, which leads to market dominance of more efficient banks. The efficiency-concentration relationship is expected to have a positive sign.
Following Fries and Taci (2005) we employed the Hirschman-Herfindahl index of market concentration (HHI variable) based on total assets. Although in our study the estimated parameter turned out to have an expected positive relationship with cost inefficiency, meaning that on average higher market concentration can be associated with deteriorating cost efficiency of banks, the parameter itself was not statistically significant. Therefore, none of the above hypotheses can be confirmed. In addition to market concentration captured by the HHI index, the number of banks operating within a given country (NRBANK) has been introduced in the model to proxy for the degree of market competition, where a larger number of banks should indicate a more competitive environment. As expected, it is found that a higher level of competition is significantly and negatively connected with cost inefficiency.
We also included the EBRD index of banking sector development, which contains information on the overall progress of banking sectors in individual transition economies of Centraland Eastern Europe 9 . Countries with a larger EBRD index should on average have a higher 9 This measure of reform progress ranges in value from 1 (little progress in reforming the socialist banking systems) to 4.0 (reforms consistent with a well-functioning market economy). The index essentially partitions reform of the banking sector into three broad steps. The first is the separation of commercial banking activities from the central bank and partial liberalisation of interest rates and credit allocation. The second is establishment of a framework for prudential regulation and supervision, full liberalisation of interest rates, and credit allocation, while the third is significant progress towards implementation of Basle Committee core principles on banking regulation and supervision. The index also allows for no change from the previous regime, an index value of 1 (Fries and Taci, 2005, p. 63 ).
efficiency of banking operations and vice-versa. Nonetheless, the estimated parameter in our study did not prove to be significant.
In several bank efficiency studies the authors examined the relationship between ownership characteristics of banking firms and their efficiency. A detailed analysis of ownership characteristics and efficiency was published recently by Bonin, Hasan and Wachtel (2005) . The authors investigate the ownership-efficiency relationship on a sample of 225 banks from transition economies in the 1996 -2000 period. The ownership characteristics of transition economies' banking were also examined by Fries and Taci (2005) , although their study did not focus solely on ownership characteristics but rather on a broader set of variables covering different aspects of banking operations. In our study we try to capture the ownership dimension of banking operations by a dummy variable indicating foreign ownership (OWNER). We classify a bank as foreign when non-residents hold more than 50% of its equity. If foreigners acquire a majority share during a year, the bank remains classified as domestic until the end of the respective year and becomes foreign at the beginning of the next year. Thus, we allow bank ownership to change during the sample period. Estimation results reveal an inverse relationship between foreign ownership and estimated cost inefficiency, indicating that on average banks in foreign ownership achieved somewhat higher efficiency scores. However, the relationship in our study did not turn out to be statistically significant.
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There may be a plausible explanation for the obtained non-significant effect of foreign ownership in CEEB banking markets. First of all, it should be noted that the majority of banks in our sample ended up with foreign owners. Foreign banks that entered the market as greenfield investments had to set up their operations from scratch. Establishing a branch network, recruiting and training staff, and building up reputation and recognition are very expensive undertakings, the costs of which are spread over several years. Also, in the initial years of existence, concentrating on gaining market share may have resulted in cost control being relegated to a position of secondary importance. Banks that entered through acquisition not only acquired the better domestic banks but frequently acquired troubled banks that were put on sale at attractive discounts. At first glance, this approach to entry may appear to entail lower costs, but foreign parent banks had to invest substantial sums in dismantling the old and setting up a new organisational structure. In some cases, they also had to deal with non-performing loans. All these efforts could have led to relatively high costs, and prevented banks from developing superior cost efficiency, which could be detected as statistically significant. Domestic banks either continued with their old practices and eventually went bankrupt or were taken over by other banks -or they refocused and concentrated on their comparative advantages. In some cases they were assisted by foreigners holding a minority share or by foreign advisors (consultants) and twinning arrangements with foreign banks. Another potential explanation may be the fact that some foreign banks in certain countries adapted their approach to operating their business to local market conditions. In banking markets in which there is a low degree of competition, banks are inclined not to pay much attention to the cost side.
The intermediation ratio, defined as a loans-to-deposit ratio, reveals the intermediation activity of banks and is therefore expected to be associated with the cost efficiency of banking firms. According to some previous studies (e.g. Dietsch and Lozano-Vivas, 2000; Fries and Taci, 2005) a positive relationship should exist between the ratio and bank efficiency. This may reflect developments in the legal and regulatory framework that support both the financial intermediation process and lower costs to banks (Fries and Taci, 2005) . In our study the intermediation ratio did not prove to have a significant association with cost inefficiency, although we obtained the expected sign of the coefficient.
In addition to the ownership and intermediation variable, the third set of variables representing individual bank characteristics consists of the following variables: market share (MS), return on average equity (ROAE), and net interest margin (NIM). The first two variables were highly significant and both had the expected negative sign of the estimated parameters. Therefore, it can be concluded that individual bank returns happen to be positively associated with individual banks' efficiency scores and that cost inefficiency tends to be on average lower for banks with higher market share. The latter is in line with the efficient structure hypothesis, indicating that higher market concentration endogenously reflects the market share gains of efficient banking firms (e.g. Berger 1995), which could be the case in rapidly developing Eastern European banking markets where the opening up process has led to fierce competition among banks. Similarly, we obtained the expected result with respect to the net interest margin, which is considered as a rough measure of bank efficiency among bank practitioners, where a lower net interest margin indicates better performance of a bank and vice versa. Net interest margin is found to be significantly and positively related to the cost inefficiency of CEE banks.
Conclusions
The banking sectors in the new EU Member States in the CEEB region have undergone a remarkable transformation since the beginning of transition in the early 1990s. They adopted common EU legislation and regulation, undertook extensive structural and institutional reforms, and integrated their banking systems, at least to some extent, into the EU banking sector. Banks in CEEB countries benefited from an extensive privatisation and restructuring process. Nevertheless, keeping in mind the starting point in the late 1980s, it remains unclear how successful banks from the new EU Member States have been in improving their performance and which factors have been driving banking sector efficiency.
In our study we focus on cost efficiency of banks as an indication of progress in the banking industry. The cost efficiency study is performed on a sample of 219 banks over the 1996-2006 period from five Central and Eastern European new EU Member States and the three Baltic States which became EU members in 2004. The stochastic frontier approach for panel data is employed, namely the Battese and Coelli (1995) specification, to estimate average bank cost efficiency for selected countries. The effects of selected correlates on bank inefficiency are therefore tested using a single-stage approach.
The average cost efficiency of the banks in the sample is estimated to be 88%, indicating that banks could reduce their costs by 12% on average. Reassuringly, evidence on increasing average cost efficiency over time is found. The study also detected differences in average cost efficiency of banks among countries. The highest average bank efficiency scores were achieved by the three Baltic States (Estonia, Lithuania, and Latvia), closely followed by Poland and Slovenia with average efficiency scores above 90%, while Hungary is only slightly lagging behind. The lowest average efficiency scores were obtained for the Czech Republic and Slovakia, where bank efficiency on average amounted to only 81% and 77%, respectively. Typically, national banking sectors with lower cost efficiency turned out to have larger differences in cost efficiency scores of individual banks.
Application of the Battese and Coelli (1995) specification furthermore allows us to explain the association of cost inefficiency with inefficiency correlates, namely country level macroeconomic variables, structure of the banking industry, and some individual bank characteristics. As for the first set of variables, GDP per capita proved to have a positive influence on cost efficiency, while the effect of financial deepening seems to be negative, indicating that banks in financially more developed markets on average operate at somewhat higher inefficiency levels. It is also found that a higher population density contributes to lower cost efficiency, most likely due to an increase in bank operating costs.
Results indicate that higher market competition, measured by the number of banks operating in a given country, results in higher average cost efficiency levels. Other banking industry characteristics, namely market concentration and the EBRD index of banking sector development, are not found to have a significant influence on cost inefficiency.
Furthermore, foreign ownership is not found to have a significant influence on cost inefficiency. It appears that the level of competition in the banking sector plays a more important role for cost efficiency improvements than ownership itself. This can be explained by the fact that low-performing banks most likely ceased to operate or were acquired by other banks, while banks that continued to operate had to adjust to a more competitive business environment regardless of their ownership. The bank profitability indicator, ROA, turned out to be positively related to bank efficiency, while, as expected, the opposite is found for the net interest margin. In line with the efficient market hypothesis, according to which market share gains are expected in better-performing banking firms, the cost efficiency of a given bank is found to be on average positively related to its market share.
Our results provide an interesting insight into the efficiency of banking operations in eight new EU Member States. Nevertheless, ample scope still remains for further research. The robustness of the results could be checked by applying alternative (parametric and non-parametric) methods. The set of correlating variables could be extended in order to capture a wider array of characteristics relevant for the banking industry, and the analysis could be extended to different aspects of bank efficiency (e.g. profit efficiency). Benchmarking efficiency could also be extended to include the old EU countries in order to establish whether banking sector reforms in the new EU Member States have significantly contributed to closing the efficiency gap between the old and new EU Member States. However, that is beyond the scope of this paper and remains to be addressed by future work. Another interesting research topic would be the impact of integration of the Eastern European banking industries in the EU single market for financial services. Nevertheless, it will take some time before sufficient data are available to empirically investigate this effect.
